E D I T O R I A L

Methicillin-Resistant Staphylococcus aureus
The prevalence of healthcare-associated infections (HAIs) caused by multidrug-resistant organisms has significantly increased over the past decade, according to the measurements of the Centers for Disease Control and Prevention, and will likely continue to climb. 1 ' 2 Currently, more than 70% of HAIs are caused by bacteria that are resistant to at least 1 of the drugs most commonly used to treat these infections. 3 These HAIs have been associated with increased cost and mortality, compared with infections due to antibiotic-susceptible strains of the same bacterial species. 4, 5 Nevertheless, despite decades of studies confirming increased rates of adverse events related to these organisms and ongoing evidence of increased prevalence of multidrug-resistant organisms, 2 as well as the emergence of new antimicrobial-resistant organisms, 6 few coordinated effective efforts exist across the United States and most parts of the world to prevent MRSA transmission and reduce the number of MRSA HAIs. 7 Despite evidence of efficacy for control of multidrug-resistant organisms with active surveillance cultures and barrier precautions 8 " 10 and despite documented failure to control MRSA in studies lacking methods to fully identify the MRSA reservoir, 8 most healthcare systems have not elected to implement methods to identify and contain MRSA, and so MRSA continues to spread and to colonize and infect patients.
Several studies in this issue of Infection Control and Hospital
Epidemiology describe efforts to control methicillin-resistant S. aureus (MRSA). I comment here on 3 of them.
"
13 Interestingly, the investigators in these 3 studies believe that colonized patients represented a significant portion of the MRSA reservoir and elected to implement a program of active surveillance cultures to better identify MRSA-colonized patients. In two of the studies, that of Salgado and Farr 11 and that of Eveillard et al., 12 barrier precautions were implemented for all patients identified as being MRSA colonized, as recommended by the recent Society for Healthcare Epidemiology of America (SHEA) guideline. 8 The third study, by Sandri et al., 13 discusses the utility of MRSA decolonization of the nares by administration of topical mupirocin therapy and chlorhexidine baths to all patients identified as having MRSA colonization of the nares.
The study by Salgado and Farr" reports the proportion of patients identified by active surveillance culture on admission as being MRSA colonized who later had an MRSA-positive clinical microbiology culture, the number and type of clinical microbiology cultures done, and the number and type of MRSA-positive clinical microbiology cultures. Their study demonstrates that only 15% of all patients identified as being colonized with MRSA on admission would have been so identified subsequently via clinical microbiology culture. When data for patients in the intensive care unit (ICU) and in other units (non-ICU patients) were analyzed separately, the investigators found that 21.4% of ICU patients had a subsequent MRSA-positive clinical microbiology culture during their hospital stay, whereas only 12.9% of non-ICU patients had an MRSA-positive clinical microbiology culture. This illustrates that ICU patients may be more likely to have MRSA identified via clinical microbiology culture than are non-ICU patients, but 78.6% of patients would have still been missed. If active surveillance culture was not done, the 85% of colonized patients unrecognized would have resulted in a total of 3,247 patient-days without isolation precautions in place (ie, nonisolated days), or between 1,936 and 2,373 nonisolated days, after adjusting for the time to MRSA active surveillance culture positivity. These findings are similar to data previously reported by Lucet et al., 14 who reported that, without performance of active surveillance culture on admission for elderly patients, 76.2% of MRSA carriers would have been missed during their hospital stay, resulting in 81.1% of potential isolation days spent without isolation precautions in place. Similarly, the same investigator reported that 87.1% of MRSA carriers admitted to French ICUs would not have been identified as MRSA carriers if active surveillance culture was not being performed at admission. 9 Data from these groups support ongoing use of active surveillance culture for MRSA on admission to rapidly identify both (1) the smaller proportion of patients with imported cases of MRSA colonization that would otherwise have been identified only later during hospitalization and (2) the majority of patients with imported cases who otherwise would never have been identified, so that barrier precautions could be initiated and the rate of transmission reduced.
The study by Eveillard et al. 12 was undertaken during 1 year (from July 2002 through June 2003) in a 600-bed teaching hospital and compared the sensitivity of nasal, axilla, and rectal cultures alone and in combination (nasal and rectal cultures, axilla and rectal cultures, and all 3 types of culture) for identification of MRSA carriers on admission. Screening occurred within the first 48 hours after hospitalization for patients with high risk of MRSA carriage (defined as a history of MRSA carriage, hospitalization within the preceding year, transfer from another hospital, and/or the presence of chronic skin lesions) who were admitted to non-ICU wards and for all patients admitted to the ICU. Barrier precautions were implemented for all patients identified as being colonized with MRSA.
Screening methods were described as follows. Samples were streaked on mannitol salt agar containing an ofloxacin (10 jiig) disk and incubated for 48 hours at 30°C. Only colonies recovered around the ofloxacin disk were further tested for oxacillin resistance. To my knowledge, ofloxacin resistance is not routinely used as a methodology for MRSA screening. Although some investigators have reported fluoroquinolone resistance as high as 95%-100% among MRSA isolates, the incidence of resistance to fluoroquinolones varies between clinical settings and countries. 15 In settings where MRSA strains are not universally resistant to ofloxacin, MRSA isolates susceptible to ofloxacin would not be picked up using this screening method. As historic universal ofloxacin resistance in MRSA is not described at the French hospital where the study was done, we cannot be sure that all MRSA isolates were identified using this method. No standards exist that define the most effective microbiological media for MRSA screening, and no medium has been shown to be clearly superior; however, a prospective clinical trial tested 32 screening methods 16 and found use of mannitol-salt agar containing lipovitellin with an oxacillin disk was associated with the highest yield. Mannitol-salt agar has been used for more than 50 years as a selective medium for the isolation of pathogenic staphylococci 1718 ; has been shown to be of value as a screening medium for MRSA, 19, 20 especially when used in combination with oxacillin 21 ; and is recommended for MRSA screening by the American Society for Microbiology. 22 Eveillard et al., 12 like Salgado and Farr, 11 report that clinical microbiology culture alone was not a reliable indicator of MRSA status. They found that 110 (55.8%) of 197 patients newly identified as being colonized with MRSA would have been missed if clinical microbiology culture alone was used. Of the total of 123 patients found to be colonized with MRSA by means of screening cultures of specimens from multiple anatomical sites (nares, rectum, and axilla specimens), nares culture alone was more sensitive (73.2% of carriers identified) than rectal culture alone (46.9% of carriers identified) and axilla culture alone (25.21% of carriers identified); the rate of positive results increased when nares culture and axilla culture were used in combination (82.9% of carriers identified) and increased to a greater degree when nares culture was used in combination with rectal culture (91.9% of carriers identified). Other investigators have also reported that nares culture alone has been more sensitive than culture of specimens from other single body sites for detection of healthcareacquired MRSA colonization, 23 
25 but increased MRSA detection sensitivity has been reported when screening consisted of a combination of culture of specimens from the nares and one or more other anatomical sites 24, 25 ; therefore, MRSA active surveillance culture should always include samples from the anterior vestibule of the nose. 8 Throat culture is also associated with a sensitivity equal to or greater than that of nasal cultures to detect MRSA in select patient populations, such as children. 26, 27 If used, the swab specimens from the throat and the nares can be plated onto the same agar plate, thus enhancing sensitivity without increasing culture cost.
The 27% of colonized patients who would have been missed with use of nares culture alone corresponded to 560 theoretical isolation days (TIDs); 431 TIDs would have been missed without rectal-culture screening, and 99 TIDs would have been missed without axilla-culture screening. This study noted that screening by nares culture alone would have missed 44% of colonized surgical patients, so perhaps population-specific screening strategies can be deployed and an additional anatomical site sampled for select populations. Other studies have not reported higher sensitivity (ie, greater than 95%) with use of nares cultures alone. 23 This dramatically differs from the results of Eveillard et al. 12 Perhaps the variance can be explained by their microbiologic methods or the introduction of community-acquired MRSA into their hospital, because these strains may not be as readily identified with nares culture, 28 and data from antibiograms or genotyping are not reported for the isolates identified with active surveillance culture.
The ultimate goal of screening is to identify the reservoir of colonized patients. Clearly, culturing samples from more anatomical sites offers an advantage, but at a significant cost, and hospitals using only nares culture have reported successful control of MRSA. 8 If resources were unlimited, culturing all sites for all patients would identify more MRSAcolonized patients, but exactly how many more is yet to be determined. Given the limited number of dollars available and the long list of worthy patient-safety initiatives, it seems reasonable to limit the anatomical sites cultured and to target high-risk populations for types of culture associated with the highest yield until better and more cost-effective screening methods are available.
Ideal screening methods should be rapid, sensitive, and inexpensive. Use of assays with greater sensitivity could eliminate the need for culture of additional anatomical sites. Recently, 2 new screening options became available, both reported to have greater sensitivity. In November 2004, a new selective and dif-ferential chromogenic medium was approved by the US Food and Drug Administration (BBL CHROMagar MRSA; BD Diagnostics). A multicenter study found that culture using this medium had high sensitivity and specificity, compared with other standards, including mecA polymerase chain reaction (95.1% sensitivity and 98.1% specificity). 29 Eighty-six percent of MRSA isolates were identified within 24 hours of plating the specimen, and the remaining 14% within 48 hours. The second new option is a rapid polymerase chain reaction assay (IDI-MRSA; GeneOhm Sciences, BD Diagnostics). 30 This is the only rapid molecular-based assay (ie, the procedure time for the assay is less than 2 hours) approved by the US Food and Drug Administration and Health Canada for the direct detection of MRSA from a nasal specimen, and it is reported to have a high sensitivity but at a significant increase in price. It is, however, important to note that running this assay throughout a 24-hour period is not practical in a clinical laboratory setting, and so turnaround time for results may vary. This MRSA detection tool is currently being evaluated at Northwestern University Hospital (Chicago, IL). 31 The study in this issue by Sandri et al. 13 reports that MRSA infections in a 13-bed "general" ICU were significantly reduced (x z for trend = 16.4, P = .00005) during a 5-year open-label trial of treatment with 2% mupirocin ointment, which was applied to the nasal mucosa 3 times daily for 5 days, and chlorhexidine baths (concentration unspecified), given once daily for 3 days. These treatments were given to all patients found to have nasal MRSA colonization by means of surveillance cultures performed on admission and weekly thereafter. Mupirocin susceptibility of MRSA isolates was reported only for year 5 of the study (2003) , and resistant strains were reported in 5% of patients.
The first question that needs to be addressed is the utility of mupirocin treatment for MRSA eradication. Selective suppression and/or eradication of MRSA carriage using mupirocin has been used adjunctively to help control spread of MRSA, 32 " 38 but successful eradication is sometimes transient. Doebbeling et al. 39 reported that 26% of patients were recolonized within 4 weeks after decolonization, and 48% of patients who underwent an eradication protocol were culture positive for MRSA after 6 months. 40 Use of mupirocin to eradicate MRSA colonization was studied in a randomized, controlled trial involving colonized hospital patients in Switzerland. All patients were treated with chlorhexidine baths, and half were randomized to receive mupirocin nasal treatment in addition. The group that received both chlorhexidine and mupirocin were treated for 5 days, and MRSA were eradicated in only 25% of the patients, whereas in the group that received chlorhexidine baths and placebo nasal ointment, MRSA were eradicated in 18%; this suggests there was no significant additive benefit from the mupirocin treatment. 41 Higher eradication rates were achieved when patients were given systemic therapy with a regimen containing rifampin and at least 1 other systemic drug to which MRSA was susceptible, and indwelling devices and other foreign bodies were removed or replaced halfway through the treatment course. 34 Colonization at sites other than the nose was, as might be expected, a risk factor for persistent carriage despite the therapy. 42 Although mupirocin-resistant strains had not yet spread through the Brazilian population studied by Sandri et al., ' 3 it is worth noting that mupirocin has been shown to be ineffective for reliable eradication of mupirocin-resistant strains, 43 although one study suggested that it might sometimes be useful in that situation. 44 Multiple studies have reported the arrival (or development) and spread of mupirocinresistant strains in settings where mupirocin is in frequent use, 45, 46 including multiple reports of resistant strains spreading in Brazilian hospitals. 47, 48 Mupirocin has also rarely been associated with toxic epidermal necrolysis after topical intranasal application, so a decision to apply it with great frequency would have to take this risk into account. 49 One recent meta-analysis of studies reporting the results of therapy for eradication of MRSA reported much conflicting evidence and concluded, "There is insufficient evidence to support use of topical or systemic antimicrobial therapy for eradicating nasal or extranasal MRSA. There is no demonstrated superiority of either topical or systemic therapy, or of combinations of these agents. Potentially serious adverse events and development of antimicrobial resistance can result from therapy." 50 Another issue not addressed by Sandri et al. 13 was the lack of follow-up for decolonized patients. Hospital-wide rates of MRSA HAI were not reported; perhaps eradication with mupirocin merely delayed the onset of MRSA infection, and so it would not be reflected in the reported rate of MRSA HAIs in the ICU. Because recolonization has been reported, 39 ' 40 it would have been useful to follow up the decolonized cohort longitudinally and assess MRSA colonization and infection status.
Aggregate MRSA data are reported for the study period: respiratory infections accounted for 63% of all MRSA HAIs, bloodstream infections for 21%, and skin and soft-tissue infections for 9%. Since data on MRSA HAIs by body site are not reported by year, it is impossible to assess the reductive contribution of each infection type or to determine whether a specific infection initiative might have been responsible for the decrease of that type of HAI. The approach suggested by Sandri et al. 13 would have to be considered with caution and would require confirmation by multiple other investigators in other populations, as the authors conclude, before this approach could be recommended for routine therapy.
The recent SHEA guideline recommended routine use of active surveillance culture to identify MRSA-colonized patients and use of isolation precautions for such patients, and it cited scores of studies reporting significantly reduced rates of colonization and infection after this intervention, many of which did not use eradication therapy for colonization. 8 These interventions, which were very effective for MRSA control, involved ICUs 51, 52 entire hospitals, 53 and settings where it is endemic and/or epidemic, so it seems that control may be achievable without resorting to routine and/or widespread eradication therapy. In one such study, the number of MRSA infections was reduced by more than 90% during a 4-year period in a medical ICU by use of active surveillance culture and contact precautions but not eradication therapy. 51 In another such study, the number of cases of MRSA bacteremia was reduced by 75% during the 16 months after phasing in use of active surveillance culture and contact precautions. 52 It should be noted that one recent study suggested adverse effects of patient isolation (ie, fluid and electrolyte disorders, falls, and pressure sores), but the authors of this nonrandomized study noted that there were no significantly higher rates of adverse events involving diagnostic, operative, anesthetic, or medical procedures or drugs, nor was there a significant increase in mortality. They also emphasized that their findings would require confirmation in follow-up studies. 54 Active detection and patient isolation have been used successfully for centuries as a strategy for containing the spread of contagious infections. This strategy clearly worked to contain emerging infections like severe acute respiratory syndrome (SARS) and nosocomial smallpox, as was emphasized by Alfred Sommer, Dean Emeritus, Johns Hopkins Bloomberg School of Public Health, in the plenary session of the 2004 meeting of SHEA. And it has worked to control MRSA infections, which cause morbidity in hundreds of thousands of US hospital patients each year and likely kill more than 10,000 patients. This is an important problem and deserves effective control measures.
So there has been widespread failure to control antibioticresistant nosocomial infections due to pathogens such as MRSA. It's time for action; patient safety can't wait. The recent SHEA guideline on control of MRSA and vancomycinresistant enterococci recommends use of active surveillance cultures to fully define the population harboring multidrugresistant organisms, coupled with use of appropriate barrier precautions for colonized and infected patients and routine hand hygiene before and after all contact with these patients. 8 This combination of identification and containment is the most effective method documented to control multidrugresistant organisms and is recommended by the Centers for Disease Control and Prevention for control of other important (yet less prevalent) pathogens, such as the SARS coronavirus and vancomycin-resistant S. aureus. 6 ' 55 The panelists at a recent patient safety conference ("Leadership Issues: Eliminating the Spread of MRSA," sponsored by the Maryland Patient Safety Center and held in Linthicum, MD, in January 2005) all concurred and supported global implementation of active surveillance culture and barrier precautions across the United States, and recommended that healthcare facilities should intensify interventions to prevent spread of multidrug-resistant organisms when there is evidence of continuing transmission within a facility. It now seems that control plans, including use of active surveillance cultures, are inescapable. It is time to take action, make patient safety a priority, and put the fire out.
